Investigation of the Solid State Reaction of LaMnO
 3 
Introduction
Metallic iron and iron oxides have been extensively investigated in several environmental applications, such as the reductive treatment of organic and inorganic groundwater contaminants, e.g. reactive permeable barriers, 1,2 and the advanced oxidation Fenton process. [3] [4] [5] This is mainly due to the versatile chemical-redox behavior, low toxicity and low cost of iron and iron oxides. However, these iron compounds show relatively low activity and many efforts in this area are currently directed to improve the efficiency and widen the application of these systems in environmental remediation processes. Co/Rh source at room temperature using α-Fe o as reference. Assuming that all phases possess the same recoilfree fraction, the analysis of the experimental data was carried out by a least-squares computer minimization routine, using a sum of Lorentzian spectral components characterizing different iron phases. 8 The spectra were fitted using the NORMOS DO BRANT program. 9 The powder X-ray diffraction (XRD) data were obtained on a Rigaku model Geigerflex diffractometer using Cu K α radiation, scanning from 2 to 75° at a scan rate of 4° min -1 . The values of the lattice parameters were obtained by a least-squares refinement using the method of Holland & Redfern. 10, 11 The TPR (temperature programmed reduction) analysis was performed in a CHEM BET 3000 TPR using H 2 (8% in N 2 ) with a heating rate of 10 o C min -1 . The H 2 consumption was obtained after calibration of the TPR system using standard CuO. The TPD (temperature programmed desorption) was carried out using a HP quadrupole mass spectrometer to measure the O 2 desorbed during the heating ( The oxidation of methylene blue was monitored via UV/ Vis (Varian Cary 50 Conc). The hydrogen peroxide was added only after the adsorption equilibrium took place. The solution spectroscopic absorbance usually decreased only between 3 to 6%. After the reactions, the aqueous phases were analyzed for Fe and Mn by atomic absorption (Carl Zeiss Jena AAS).
Results and Discussion

Characterization of the LaMnO 3 by TPR and TPD: oxygen availability for reaction
In order to investigate the oxygen availability and reactivity for the transference to 
From the total hydrogen consumption, the oxygen stoichiometry obtained for the perovskite in this work was ca. LaMnO 3.15 , which agrees with different values reported in the literature. 13 The O 2 -TPD experiment (Figure 1b) In order to produce a superficial interaction between the particles of Fe o and the perovskite LaMnO 3 but to avoid an extensive reaction, a very mild mechanical alloying by simple manual grinding for 60 s was used. Alloying for longer time or with higher energy can promote a significant reaction of iron metal with different oxides. 
It should also be considered that Fe 3 O 4 can be oxidized by air even at room temperature to produce large quantities of maghemite. 5 Therefore, a significant part of the Fe 2 O 3 observed might have been formed after thermal treatment when the sample was exposed to air; (ii) The transformation of the maghemite γ-Fe 2 O 3 spinel cubic structure to the hematite α-Fe 2 O 3 hexagonal structure, which is known to take place at temperatures near 520 o C. 16 Another process which could take place is the complete reduction of the LaMnO 3 , leading to the collapse of the perovskite structure. To investigate this possibility, the thermally treated Fe o /LaMnO 3 mixtures were also studied by powder X-ray diffraction (XRD). In Figure 4 , typical peaks for the LaMnO 3 orthorhombic structure can be observed. Mössbauer and XRD data suggest that the perovskite LaMnO 3.15 can transfer oxygen to Fe o by an interface reaction producing new iron oxide phases. Based on these results, a very simple and idealized scheme to explain the surface reaction between LaMnO 3+δ and Fe o can be proposed:
After thermal treatment, the particles shown in Figure  5 can be separated by breaking the interface and exposing both surfaces, the reduced LaMnO 3 and the oxidized Fe o , which have an important effect on the catalytic properties of the materials.
Effect of thermal treatment on the properties of Fe°/ LaMnO 3 towards H 2 O 2 reactions
The Fe o /LaMnO 3 mixtures treated at different temperatures were studied to promote two reactions: (i) the decomposition of H 2 O 2 to O 2 and (ii) the oxidation of methylene blue with H 2 O 2 . 
The hydrogen peroxide decomposition (equation 5) is a versatile probe reaction to investigate the activity of perovskite catalysts, as (i) the experimental set-up is simple, (ii) it has been well investigated for different perovskites, [19] [20] [21] [22] (iii) Mn-containing perovskites are especially active for this reaction, [23] [24] [25] and (iv) the activity is very sensitive to changes in the transition metal oxidation state and oxygen vacancies on the surface.
The results obtained for the peroxide decomposition in the presence of the different Fe o /LaMnO 3 mixtures can be seen in Figure 6 . The linear behavior of the decomposition plots (Figure 6a) , leading to a decrease on the H 2 O 2 decomposition activity.
The effect of the thermal treatment on the activity of the Fe°/LaMnO 3 mixtures for the oxidation of organic compounds in aqueous medium with H 2 O 2 was also investigated. In this study, methylene blue (MB) was used as a probe molecule, as it shows several interesting features: (i) it is highly soluble in water, (ii) its oxidation can be simply monitored by spectrophotometric measurements and (iii) it simulates the behavior of textile dyes, which are an important class of industrial contaminant.
The oxidation of methylene blue was monitored by the discoloration rate, which is related to the first oxidation steps to produce non-colored intermediates
These discoloration measurements give important information on the rate of formation of reactive oxidation species. Some processes that could interfere on the reaction monitoring by discoloration, such as adsorption and reduction of the dye by Fe o , are minimized by the use of MB, as (i) it is a cationic molecule which decreases its adsorption on the LaMnO 3 perovskite and on the iron oxides due to their high PZC (point zero charge) 26 and (ii) MB is not easily reduced by pure iron metal. 27 The discoloration plots obtained for pure LaMnO 
It is well known that Fe 2+ surf species are active for the Fenton reaction. 4 Previous work in our group 4, 5 
